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Abstract: Background: The Caserta and Naples areas in Campania Region experience heavy 
environmental contamination due to illegal waste disposal and burns, thus representing a 
valuable setting to develop a general model of human contamination with dioxins  
(PCDDs-PCDFs) and dioxin-like-PCBs (dl-PCBs). Methods: 94 breastfeeding women  
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(aged 19–32 years; mean age 27.9 ± 3.0) were recruited to determine concentrations of 
PCDDs-PCDFs and dl-PCBs in their milk. Individual milk samples were collected and 
analyzed according to standard international procedures. A generalized linear model was 
used to test potential predictors of pollutant concentration in breast milk: age, exposure to 
waste fires, cigarette smoking, diet, and residence in high/low risk area (defined at high/low 
environmental pressure by a specific 2007 WHO report). A Structural Equation Model 
(SEM) analysis was carried out by taking into account PCDDs-PCDFs and dl-PCBs as 
endogenous variables and age, waste fires, risk area and smoking as exogenous variables. 
Results: All milk samples were contaminated by PCDDs-PCDFs (8.6 pg WHO-TEQ/98g 
fat ± 2.7; range 3.8–19) and dl-PCBs (8.0 pg WHO-TEQ/98g fat ± 3.7; range 2.5–24), with 
their concentrations being associated with age and exposure to waste fires (p < 0.01). 
Exposure to fires resulted in larger increases of dioxins concentrations in people living in low 
risk areas than those from high risk areas (p < 0.01). Conclusions: A diffuse human exposure 
to persistent organic pollutants was observed in the Caserta and Naples areas.  
Dioxins concentration in women living in areas classified at low environmental pressure in 
2007 WHO report was significantly influenced by exposure to burns. 
Keywords: dioxins; dioxin-like polychlorobiphenyls; persistent organic pollutants;  
human exposure; breastfeeding; environment; waste emergency 
 
1. Introduction 
Dioxins include 210 congeners, mainly toxic compounds, recognized as environmental pollutants 
(Persistent Organic Pollutants, POPs) and forbidden since 2001 by the Stockholm Convention [1].  
These molecules consist in polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated 
dibenzofurans (PCDFs), hereafter referred to as dioxins. Polychlorinated biphenyls (PCBs) are 
chemically different from dioxins and include overall 209 congeners, 12 of which are dioxin-like PCBs 
(dl-PCBs) because they have “dioxin-like” properties [1]. Dioxins are not intentionally produced and 
mainly originated during burning processes such as waste incineration, forest fires, and industrial 
procedures and to a lesser extent as by-products of the production of pesticides. At the opposite, PCBs 
were globally manufactured and used in the past as components of paints, plasticizers, insulating 
materials, dielectric fluids and others until 1985 (when their use was forbidden). These compounds are 
widely diffused in the environment and can be found even far from the location where they are 
produced [1]. The most toxic chemical compound belonging to these classes of molecules is  
2,3,7,8-tetrachlorodibenzo-para-dioxin (TCDD) [1]. Because dioxins and PCBs constitute a broad 
group of organochlorinated compounds that vary widely in toxicity, the concept of toxic equivalence 
(TEQ) has been developed to facilitate risk assessment and regulatory control. Toxic equivalence 
factors (TEFs) exist for selected congeners of dioxins and PCBs. Conventionally, the reference 
congener is the most toxic dioxin 2,3,7,8-TCDD, which has been assumed as having TEF = 1 [2,3].  
In the assessment of dioxins and PCBs toxicity, different compounds are generally evaluated through 
toxicological equivalence. The highest environmental concentrations of dioxins are usually found in 
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soil and sediment, while much lower levels are detectable in air and water [4,5]. Dioxins are lipid-soluble 
and accumulate in the fatty tissues (“bioaccumulation”), where they may persist for months or years [1]. 
Bioaccumulation is defined as a bioconcentration process, which can result in potentially toxic levels of 
these molecules even for human health. Humans are primarily exposed to dioxins and PCBs by eating food 
contaminated by these chemicals. Toxicological data indicate that about 80%–90% of human exposure is 
determined by contaminated food [1]. The most potent dioxin—2,3,7,8-TCDD has been classified as “a 
known human carcinogen” in the IARC (International Agency for Cancer Research) classification [6]  
since 1997. More recently, also 2,3,4,7,8-pentachlorodibenzofuran (2,3,4,7,8-PeCDF) and  
3,3′,4,4′,5-pentachlorobiphenyl (PCB 126) have been recognized as carcinogenic substances [7]. 
The U.S. National Toxicology Program has stated that there is no known “safe dose” or “threshold” 
below which dioxins would not cause cancer [8], and a study published in July 2002 showed dioxins to 
be associated with an increased incidence of breast cancer [9]. Carcinogenic effects of dioxins have 
been described and documented at high dose exposures, such as after the Seveso accident [9–12]  
or during the exposure to the Agent Orange used in Vietnam War, although with mixed and 
inconsistent results among the different publications [13–16]. Long term exposure to lower dosages 
may also result in teratogenic effects, and can cause endocrine disruption, damage and suppression of 
the immune system, and severe reproductive and developmental problems, even at levels which are 
100 times lower than those associated with carcinogenic effects [17–24]. In utero and lactational 
exposure of children to relatively low dosages of dioxins can permanently reduce sperm quality [25]. 
All PCBs have been classified as carcinogenic to humans (Group 1) [26]. 
A relevant source of dioxins emission in the environment (as important as other sources such as food 
and water) is represented by waste incineration and, owing to this reason, the regulatory authorities have 
fixed strict limitations to dioxins release in the air by waste incinerators (0.1 ng TEQ/Nm3), which does 
not actually correspond to the absence of risks for human health [27,28]. Illegal incineration of 
dangerous wastes and compounds containing chlorinated hydrocarbons (i.e., tires and plastic materials) 
further contributes to enhance the exposure to dioxins and dioxin-like compounds.  
This is particularly relevant in some areas of Southern Italy interested by a “waste emergency”, 
particularly the area of Naples and Caserta, where the number of waste dumping sites in Campania has 
been officially estimated to exceed 6,000, with 60% of them being illegal and frequently containing 
toxic substances [29]. Some data are available about people’s exposure to potentially dangerous 
pollutants in these areas, including a report performed in 2007 by WHO and Italian healthcare 
authorities [30], and other valuable researches [31–33]. In the same areas, during the years 2001–2003, 
local health authorities detected high levels of dioxins contamination in cow milk and dairy products as 
well as in ground and soil [34]. It was possible to confirm that contamination of milk originated from 
dioxins-containing animal foods that were produced locally [35]. 
A recent study carried out in 2004 showed an excess of mortality rates in Naples and Caserta with 
respect to the national figures for lung, pleural, larynx, bladder, liver, and brain tumors [30]. As there 
were no waste incineration plants in the Campania region until year 2009, a possible correlation 
between these findings and uncontrolled incineration of urban or industrial wastes has been  
proposed [29,36]. Concentration of dioxins and PCBs in human milk have been suggested as a reliable 
model for the assessment of people’s exposure [37]. Actually, in human milk we can find many  
lipid-soluble compounds contained in the mother’s fatty tissues, so that dioxins and PCB detected 
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levels should be regarded as representative of their concentration in fatty tissues and blood [38]. 
Moreover, human milk sample collection in breastfeeding women represents a simple and non-invasive 
method for determining the exposure to environmental contaminants, and the high lipid content of 
human milk allows a more accurate measurement of dioxins and PCBs compared to serum samples. 
However, several factors can affect the concentration of dioxins and PCBs in human milk,  
e.g., the mother’s age which can be considered as a proxy of the duration of the exposure, the dietary 
habits, the presence of illegal incineration of wastes, the place of living and other factors. 
The present paper is aimed to develop a general model of human contamination with dioxins and 
dioxin-like-PCBs by analyzing milk samples from young breastfeeding women living in the Caserta 
and Naples areas. 
2. Experimental Section  
2.1. Patient Enrollment and Sample Analysis 
Among all women delivering at the Department of Maternity and Neonatal Medicine of St. Anna 
and St. Sebastian Hospital in Caserta during the period of study (from June 2007 to May 2008),  
104 consecutive breastfeeding women were recruited, but only 94 of them met all the criteria defined 
by the World Health Organization (WHO) for studies aimed to detect dioxins and PCB levels in 
human milk [18,39]: (1) age lower than 32 years old, (2) breastfeeding only one baby, (3) no previous 
deliveries, (4) no HIV/AIDS infection, (5) living in the same location for 5 years or more. All women 
who agreed to enter signed a specific informed consent. Eligible women were found to live in 45 
towns located in Caserta and Naples provinces (none of the women came from the city of Naples).  
Data were collected through a personal interview carried out for each patient by the principal 
investigator; all exposures represented specific items in the questionnaire. The following data were 
collected for each woman: age (date of birth of the mother registered at the time of breast milk 
collection); weight (“what was your usual weight before the pregnancy?”); height; body mass index 
(BMI); previous weight loss (“have you experienced a weight loss >10 kg in the last 5 years?”); 
education level (“what is your degree of education?” i.e., high school diploma; degree; intermediate 
schools; elementary school); current and previous occupation (“What is your current job? Have you 
changed job in the last 5 years? What kind of job it was?”); history of parental illnesses (“Has your 
mother suffered from specific diseases?”); number of cigarettes smoked (“Do you smoke or did you 
smoke in the year before the pregnancy? How many cigarettes per day did you smoke in average?”), 
weight of the newborn; distance between home and waste dumping sites (“Is your house nearby a 
dumping site?”; it must be noticed that investigators were aware of the presence of legal and illegal 
dumping sites in the town where patients lived in, even though the patient did not know about that); 
type and frequency of foods consumed during a standard week; a standard nutritional diary was 
administered to all the included women, in order to investigate if the following foods were eaten 
“never in a standard week”, “0–2 times per week”, “3–4 times per week”, “5 or more times per week”, 
“every day”: fish, vegetables, white meat, red meat, milk, dairy products; fresh dairy products,  
and eggs; at the same time, investigators asked if during a standard week, at least 50% of foods 
consisted in local products. Concerning exposure to fires, the question was: “have you ever personally 
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observed any fires of wastes nearby your house in the last 5 years?”; the patient had the possibility to 
answer as follows: (a) no, never; (b) yes, sporadically; (c) yes, frequently. The question was about 
current exposure and exposures occurred in the last 5 years. The time window of 5 years has been 
chosen because the dioxins persist in the fatty tissue for several years (at least 10 years; so that 5 years 
roughly correspond to the dioxins halving time). 
Milk samples were collected between two and eight weeks after the delivery. Each woman was 
provided with accurate instructions concerning how to collect and temporarily store the samples,  
in order to collect a minimum volume of 50 mL of milk during or immediately after breastfeeding, 
within a 48 h period. Each individual sample was separately stored in glass bottles at a temperature of 
+4 °C for a maximum time of 72 h. Then, each sample was frozen at −20 °C. Finally, samples were 
sent to the National Reference Laboratory for dioxins and PCBs in food and feed (IZSAM  
“G. Caporale”) in Teramo, where all chemical analyses were carried out on individual samples.  
A temperature below 20 °C was maintained during all the phases of the process (including the transfer 
of the samples from the hospital to the IZSAM) until the analyses were carried out. The samples were 
thawed and their lipid content was determined before undergoing purification and separation of dioxins 
and PCBs. Tests were carried out to search for PCDDs, PCDFs, and dl-PCB congeners.  
Toxic equivalent (WHO-TEQ98 for PCDDs-PCDFs and dl-PCBs) upper bound values were calculated 
using the toxic equivalent factor model proposed by WHO in 1997 [2,40]. Researched POPs are 
reported in Table 1.  
Table 1. List of pollutants determined in breast milk samples. 
Dioxins Dioxin-like PCBs 
Polychlorodibenzo-p-dioxins(PCDDs) non-ortho-PCBs 
2,3,7,8-TCDD TeCB-77 
1,2,3,7,8-PeCDD TeCB-81 
1,2,3,4,7,8-HxCDD PeCB-126 
1,2,3,6,7,8-HxCDD HxCB-169 
1,2,3,7,8,9-HxCDD  
1,2,3,4,6,7,8-HpCDD  
OCDD  
Polychlorodibenzofurans (PCDFs) mono-ortho-PCBs 
2,3,7,8-TCDF PeCB-105 
1,2,3,7,8-PeCDF PeCB-114 
2,3,4,7,8-PeCDF PeCB-118 
1,2,3,4,7,8-HxCDF PeCB-123 
1,2,3,6,7,8-HxCDF HxCB-156 
2,3,4,6,7,8-HxCDF HxCB-157 
1,2,3,7,8,9-HxCDF HxCB-167 
1,2,3,4,6,7,8-HpCDF HpCB-189 
1,2,3,4,7,8,9-HpCDF  
OCDF  
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2.2. Study Groups Characterization 
A specific study (further referred as WHO_R) carried out in 2007 by WHO and several Italian 
institutions on behalf of the Civil Protection Department [41,42] categorized each town of Campania 
on a scale of 1 to 5, with class 5 corresponding to the highest environmental pressure, and excess of 
mortality for cancer. The geographic area between Naples and Caserta provinces was split into a  
high-risk area (WHO_R grade greater than 3) and a low-risk area (WHO_R grade from 1 to 3).  
Also, the high-risk zone corresponded to an area with a significant contamination by dioxins in ground 
and grass samples [34], cow/sheep/buffalo milk, animal feeds and dairy products [31,35] (Figure 1).  
Our study groups consisted in 44 women living in the high-risk area, and 50 women living in the  
low-risk area.  
Figure 1. Characterization of study groups population. The borders of high-risk area and 
low-risk area are displayed on the map in blue and in red, respectively. The black points 
represent the dumping sites contaminated by toxic compounds according to the 2008 
official report of Campania Regional Agency for the Environment (ARPAC). 
 
2.3. Statistical Analyses 
The sample size was stated before data gathering and was computed according to Cohen [43].  
The sample size for the difference of the means of the dioxin’s concentrations were computed by setting 
α = 0.05, power = 0.8, effect size equal to 6.021  
mmd , i.e., a medium effect size. 
The required sample size was equal to 40 for each group. The sample size for the differences 
between the proportions of local food consumption in high risk area (P1) and the low risk area (P2) was 
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oriented to detect a difference of 20% ( i.e., 0.3 vs. 0.1). The effect size was computed by transforming 
each proportion as: 
ii Parcsin2  
The desired effect size was computed as 6.021  h , i.e., a medium effect size. By setting  
α = 0.05 and power = 0.8, the required sample size was equal to 44 for each group. 
The normal distribution of dioxins and dl-PCBs was evaluated by means of the Kolmogorov-Smirnov 
test. The correlations between age and dioxins, age and dl-PCBs, age and fat content in the maternal 
milk, were evaluated by means of the Pearson correlation coefficient.  
Pearson’s χ2 was used to study the independence of the source (mostly local or national) of food 
consumption with risk area and exposure to waste fires, respectively. A multivariate generalized linear 
model (GLM) was used to test potential predictors of pollutant concentrations in breast milk. In order 
to avoid combinations of independent variables with insufficient number of cases, two different GLM 
analyses were carried out. The first one aimed to test whether the source of foods (fish, vegetables, 
milk, cheese and dairy products, meat) affected the concentration of pollutants in the maternal milk. 
Local egg consumption vs. risk area was not taken into account due to the insufficient number of cases 
in high risk areas. Since no statistical association was found between the source of foods and dioxins 
or dl-PCBs, only age and environmental potential factors, i.e., exposure to waste fires (yes/no),  
living in high-risk or low-risk area and cigarette smoking (more than twice a day) were considered as 
predictors in the second analysis. In both cases the GLM was carried out by taking dioxins and  
dl-PCBs as dependent variables. The main effects and the second level of interactions were tested.  
The significance level was fixed at 0.05.  
In order to formulate a general model, the results of the GLM analysis were integrated with a 
Structural Equation Model (SEM) analysis [44] carried out by taking into account dioxins and dl-PCBs 
as endogenous variables and age, waste fires, risk area and smoking as exogenous variables. Unlike GLM, 
SEM analysis supplies information as a causal modeling of the processes under study, represented by a 
series of structural (i.e., regression) equations, which can be also modeled pictorially to enable a clearer 
conceptualization of the theory. Moreover, unlike most other multivariate procedures that are essentially 
descriptive by nature, it takes a confirmatory rather than an exploratory approach to the data analysis. 
Whereas traditional multivariate procedures are incapable of either assessing or correcting for measurement 
error, SEM provides explicit estimates of these error variance parameters. The IBM_SPSS_20 and AMOS 
software packages were used for the statistical analyses. 
3. Results and Discussion 
3.1. Results 
The mean age was 27.9 ± 3.0 years (range 19–32). The overall average concentration of dioxins in 
mother’s milk was 8.6 pg WHO-TEQ98/g fat ± 2.7 (range 3.8–19.0), with 2,3,7,8-TCDD levels being 
0.77 pg WHO-TEQ98/g fat ± 0.30 (range 0.30–2.2). The average dl-PCB concentration was 8.0 pg 
WHO-TEQ98/g fat ± 3.7 (range 2.5–24). Table 2 summarizes main characteristics of women enrolled 
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in the study, including average concentration of pollutants found in their milk. Both dioxins and  
dl-PCBs were normally distributed (respectively, K-S z = 0.76, p = 0.61, and K-S z = 1.02, p = 0.24).  
Table 2. Characteristics of enrolled women, including average concentration of pollutants 
found in their milk samples. (N = Number of cases; Information is not available for 1 subject). 
Parameter Value N 
Dioxins (pg WHO-TEQ98/g fat) 
(mean ± S.D.) 
dl-PCBs (pg WHO-TEQ98/g fat) 
(mean ± S.D.) 
Age 
(years) 
19–24 12 6.40 ± 2.98 5.20 ± 2.45 
25–29 49 8.43 ± 2.43 8.29 ± 3.80 
30–32 33 9.53 ± 2.01 8.69 ± 2.45 
Smoking 
Yes 25 7.70 ± 2.50 6.70 ± 3.00 
No 68 8.87 ± 2.72 8.51 ± 3.79 
Exposure 
to fires 
Yes 13 10.5 ± 3.10 9.91 ± 3.39 
No 81 8.25 ± 2.52 7.73 ± 3.60 
Area 
High Risk 44 9.30 ± 2.76 8.05 ± 3.58 
Low Risk 50 7.91 ± 2.45 8.02 ± 3.64 
Pearson correlations between age and dioxins (r = 0.437, p = 0.003) and age and dl-PCBs  
(r = 0.351, p = 0.001) were statistically significant. These significant correlations disappeared in the 
low-risk area if exposure to waste fires was present. Table 3 shows the independence of the majority of 
food consumption with risk area and waste fire exposure. Only one woman living in high-risk area 
declared local egg consumption. 
No significant associations between dioxins or dl-PCBs concentrations in breast milk and source of 
foods were found (Table 4). 
Table 3. Pearson’s χ2 test on source of food consumption vs. exposure to waste fires  
and vs. risk zone. NA = not applicable. 
 Local (yes/no) 
Pearson χ2 Test 
Exposure to Fires p Area (high/low risk) p 
Fish 23/67 0.217 0.733 0.017 0.897
Vegetables 70/23 0.296 0.729 1.323 0.336
Milk 15/73 0.011 0.915 3.215 0.092
Cheese 33/58 0.759 0.525 0.484 0.486
Meat 52/42 0.513 0.554 0.476 0.537
Eggs 20/73 0.335 0.562 == 1 NA 
1 Not considered because only one woman living in high-risk area declared local egg consumption. 
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Table 4. Generalized linear model. Tests of between-subjects effects on source of food 
consumption like: fish, vegetables, milk, cheese, meat, and eggs. 
Source Dependent Variable F Ratio p 
Fish Dioxins 
dl-PCBs 
0.006 
0.677 
0.936 
0.415 
Vegetables Dioxins 
dl-PCBs 
0.460 
0.661 
0.501 
0.420 
Milk Dioxins 
dl-PCBs 
0.018 
0.433 
0.893 
0.514 
Cheese Dioxins 
dl-PCBs 
0.187 
0.002 
0.667 
0.965 
Meat Dioxins 
dl-PCBs 
0.570 
1.167 
0.454 
0.285 
Eggs Dioxins 
dl-PCBs 
0.944 
0.035 
0.336 
0.853 
Fish * Fires Dioxins 
dl-PCBs 
3.650 
2.005 
0.060 
0.161 
Fish * Area Dioxins 
dl-PCBs 
2.578 
3.425 
0.113 
0.069 
Vegetables * Fires Dioxins 
dl-PCBs 
0.245 
0.055 
0.622 
0.814 
Vegetables * Area Dioxins 
dl-PCBs 
1.529 
1.216 
0.221 
0.274 
Milk * Fires Dioxins 
dl-PCBs 
2.916 
0.558 
0.092 
0.458 
Milk * Area Dioxins 
dl-PCBs 
0.048 
1.076 
0.827 
0.303 
Cheese * Fires Dioxins 
dl-PCBs 
0.350 
1.518 
0.556 
0.222 
Cheese * Area Dioxins 
dl-PCBs 
0.002 
0.949 
0.960 
0.334 
Meat * Fires Dioxins 
dl-PCBs 
2.899 
0.276 
0.093 
0.601 
Meat * Area Dioxins 
dl-PCBs 
0.916 
0.026 
0.342 
0.872 
Table 5 shows that age and exposure to waste fires were statistically associated to dioxins.  
Also, there was a significant interaction between exposure to waste disposal fires and risk area,  
such that in the low-risk area the dioxins level was higher in presence of exposure to fires, while this 
effect was not detected in the high-risk area. In low-risk area milk contamination was more related to 
individual exposure to fires (Figure 2), thus suggesting that in high-risk area the effect of fire exposure 
is combined with many other factors that produce a diffuse basal level of dioxins contamination in the 
environment, while in low-risk areas the contribution of personal exposure to fires in determining milk 
contamination is more clearly distinguished. This also indicates that the WHO_R risk classification of 
environmental pressure in Campania Region towns did not taken into account the burden of illegal 
waste fires. Concentrations of dioxin-like PCBs were only associated to age. 
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Table 5. Generalized linear model. Between-Subjects Effects on environmental and age variables.  
Source Dependent Variable F Ratio p 
Age Dioxins 20.005 0.000 
 dl-PCBs 7.214 0.009 
Smoking Dioxins 0.943 0.334 
 dl-PCBs 2.401 0.125 
Exposure to Fires Dioxins 8.423 0.005 
 dl-PCBs 3.788 0.055 
Area (high/low risk) Dioxins 2.834 0.096 
 dl-PCBs 1.343 0.250 
Smoking * Fires 
Dioxins 
dl-PCBs 
1.686 
0.029 
0.198 
0.865 
Smoking * Age 
Dioxins 
dl-PCBs 
1.767 
0.494 
0.099 
0.857 
Age * Fires 
Dioxins 
dl-PCBs 
1.264 
0.398 
0.296 
0.809 
Age * Area 
Dioxins 
dl-PCBs 
1.813 
0.591 
0.090 
0.782 
Smoking * Area 
Dioxins 
dl-PCBs 
0.284 
0.337 
0.596 
0.564 
Fires * Area 
Dioxins 
dl-PCBs 
11.763 
2.888 
0.001 
0.093 
Figure 2. Dioxins Estimated Marginal Means (pg WHO-TEQ98/g of fat). To be noticed 
that covariates presented in the model have been evaluated at the following values:  
Age = 27.9 years.  
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The path coefficients of the SEM model show that dioxins and dl-PCBs in maternal milk have 
different determinants (Table 6 and Figure 3). The dioxins concentration is significantly affected by 
age (path coefficient = 0.37), waste fires (path coefficient = 0.23), risk area (path coefficient = 0.21). 
Dioxin-like PCBs were affected only by age (path coefficient = 0.30). 
Table 6. Standardized Regression Weights Estimations, presented with their p-values as 
appearing in Path Diagram. 
Determinant 
Standardized  
Regression Weights 
p 
WHO-TEQ98-dl-PCBs <--- Age 0.298 0.002 
WHO-TEQ98-dioxins <--- Age 0.371 0.001 
WHO-TEQ98-dioxins <--- Risk_area 0.213 0.015 
WHO-TEQ98-dl-PCBs <--- Risk_area −0.041 0.665 
WHO-TEQ98-dl-PCBs <--- Smoker −0.154 0.113 
WHO-TEQ98-dioxins <--- Smoker −0.089 0.320 
WHO-TEQ98-dioxins <--- Waste_fires 0.226 0.010 
WHO-TEQ98-dl-PCBs <--- Waste_fires 0.168 0.079 
Figure 3. Path Diagram (Significant Standardized Regression Weights are asterisked). 
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3.2. Discussion  
This is the largest study carried out in Italy on breastfeeding women to detect dioxins and dl-PCBs 
contamination. This is also one of the few studies where only individual human milk samples have 
been examined to get specific information about individual risk factors. An added value—for public 
health purposes—is that this study has analyzed women living in Naples and Caserta areas, which have 
undergone heavy environmental pollution in the last decades, as documented by official regional [34], 
national [27,30,34,45], and NATO [31] surveys.  
Our findings were comparable to dioxins and dl-PCBs contamination observed in Sweden [46]. 
Contaminated municipalities from the Caserta and Naples areas in our study showed higher dioxins 
and dl-PCBs concentrations (upper bound values) than those observed in Milan, Piacenza, and Giugliano 
(a town nearby Naples) by Ulaszewska et al. [47], and levels measured in China [38,48], Norway [49], 
Greece [50], Bavaria [51] and Australia (all pooled samples; [52]). Particular attention should be paid 
to the results from Ulaszewska et al. [47], which included the town of Giugliano in Campania, taking into 
account that dioxins concentrations in that study were expressed in the new format of WHO toxicity 
equivalent factors (WHO-TEQ05-PCDDs-PCDFs). Dioxins contamination in breast milk found by 
Ulaszewska et al. [47] were in the same range in the three cities, but with higher mean values in Milan 
and Piacenza than in Giugliano (mean and range being the following: Milan: 4.70, 2.42–9.55; 
Piacenza: 4.67, 2.43–7.70; Giugliano: 3.78, 1.26–9.44). Our study included six mothers from Giugliano 
in Campania and their mean and range of contamination level, corresponded to 6.40 and 4.07–8.43 
respectively (when expressed in the new format of WHO-TEQ05-PCDDs-PCDFs). Our study also 
included other municipalities of Caserta and Naples provinces. Overall, the contamination detected in 
our study had mean levels and range of 6.53 and 2.89–14.64 respectively, when expressed in the new 
format of WHO-TEQ05-PCDDs-PCDFs.  
This information clearly indicated that the average contamination of the study area of Caserta and 
Naples is similar to that of the cities of Milan and Piacenza, but the highly contaminated municipalities 
of Caserta and Naples have dioxins concentrations that are up to 1.5 times the maximum contamination 
recorded in Milan by Ulaszewska et al. [47]. However, we found a lower concentration of dioxins and 
dl-PCBs with respect to studies carried out in Duisburg (Germany) on individual samples [53].  
Table 7 summarizes the findings of all the major studies carried out in different countries. 
Dioxins and dl-PCBs levels in breast milk were directly correlated with the age of the enrolled 
women. There was no correlation between age and fat content in the maternal milk (Pearson 
coefficient = −0.079).  Taking into account that the increase in colostrum fat content occurs in mothers 
with advanced age (≥35 years) [54], due to increased fat synthesis and excretion in milk, reduced water 
content of milk or a combination of both factors, the correlation between age and pollutant 
concentration could be considered an effect of the duration of exposure to these compounds,  
thus confirming their bioaccumulation properties. In other words, the age can be considered as a proxy 
of the length of the exposure. This point is of particular interest because all women were young (under 
32 years old), and also because no legal waste incineration plants, large metallurgy plants or other 
industries known as sources of dioxins and PCBs were present in the examined area at the time of the 
study. A longer duration of exposure (since very young age) to a diffuse illegal street incineration 
practice of wastes, tires, plastics, or other toxic materials, and small industrial activities may all have 
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played an important role in determining bioaccumulation of the substances under investigation.  
This hypothesis is supported by the significant association between exposure to waste fires and higher 
concentrations of dioxins in the milk samples.  
Table 7. Levels of PCDDs-PCDFs and dl-PCBs in breast milk in different countries. 
Reference 
Country/ 
Study area 
Dioxins 
(pg WHO-
TEQ98/g fat) 
dl-PCBs 
(pg WHO-
TEQ98/g fat) 
Dioxins 
(pg WHO-
TEQ05/g fat) 
dl-PCBs 
(pg WHO-
TEQ05/g fat) 
This study Italy/Caserta and 
Naples 
8.60 8.00   
Ulazewska et al.,  
2011 [47] 
Italy     
Milan   4.70 6.28 
Piacenza   4.67 5.27 
Giugliano   3.78 4.87 
Li et al., 2009 [48] China 3.73 * 1.70 * 3.12 * 1.47 * 
Lignell et al., 2009 [46] Sweden 8.20  7.00  
Raab et al., 2007 [51] Germany/Bavaria 9.91 9.88   
Harden et al., 2007 [52] Australia 5.90 3.10   
Wittsiepe et al., 2007 [53] Germany/Duisburg 13.84 13.43   
Costopoulou et al., 2006 [50] Greece/Athens 7.27 3.48   
Hedley et al., 2006 [38] China/Hong Kong 8.25 4.67   
Becher et al., 1995 [49] Norway 10.40    
Lithuania 10.80    
* Weighted mean values recalculated from original data related to different areas of study. 
Table 5 shows that the main effect of the risk area was not statistically significant (respectively  
p = 0.096 for dioxins and p = 0.25 for dl-PCBs). Actually, dioxins concentration was affected by the 
risk area just when testing the interaction with exposure to waste fires. Figure 2 shows that dioxins 
concentration in the low-risk area was significantly higher in presence of illegal incineration of wastes. 
The significant interaction between area and fires indicates that fire exposure was a more important 
determinant of the milk concentration of dioxins in low-risk areas compared to high-risk areas.  
These effects have been quantified by the regression coefficients reported in Table 6 and in Figure 3.  
SEM analysis shows that dioxins concentration is directly influenced by the risk area. It is interesting 
to point out that age is the most crucial factor associated to higher concentration of both dioxins and 
dl-PCBs in maternal milk, but exposure to fires influences only dioxins concentration. This can be 
explained by the different mechanism of contamination of these two major pollutants. The role of 
consumption of cow/sheep/buffalo milk or dairy products was not statistically associated with dioxins 
and dl-PCBs. Having found no significant associations between dioxins or dl-PCBs concentrations in 
breast milk and type/frequency of food consumed is consistent with the uniformity of dietary habits in 
Campania. Actually, we did not expect to find differences in the frequency of different foods 
consumption between small towns of the same region.  
Finally, the possibility of dioxins and dl-PCBs intake by newborns through maternal milk should be 
considered as already suggested by a recently published paper of Bianco et al. [55]. Consistently with 
a study carried out in a German industrial area [53], the mean daily intake of milk contaminants 
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(PCDDs, PCDFs, and dl-PCBs) by the newborns through maternal milk was in our study estimated at 
about 90.4 pg WHO-TEQ98/kg body weight/day, while the WHO maximum acceptable threshold is 20 
pg for a 5 kg baby (1–4 pg WHO-TEQ98/kg body weight/day).  
4. Conclusions  
A general model of the determinants of dioxins and dl-PCBs contamination of breast milk was 
assessed. The levels of contaminants detected in all individual samples suggest long-lasting diffuse 
human exposures in the Caserta and Naples area, which is still experiencing “waste emergency”.  
A specific effect attributable to local exposure to illegal waste burning and living in low-risk area 
(according to 2007 WHO Report, [41,42]), was clearly observed for dioxins, unlikely from dl-PCBs. 
Bioaccumulation of pollutants seems to have occurred in humans over less than three decades so that 
the age can be considered a proxy for the duration of the exposure to both the pollutants, independently 
from any dietary habit. It would be interesting to determine the burden the new waste incineration 
plant located in Acerra, and other plants under construction in the same area. 
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